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LARGE GAS TURBINE WHEELSPACE COOLING STUDIES 
This report describes a facility to simulate turbine wheelspace cooling 
characteristics of General Electric medium and large gas turbines and 
contains some preliminary data obtained. The system is capable of 
operating with hot rim flow which is turned in a manner simulating actual 
machine behavior. It has been found that hot gas inflow to the wheel-
space results in part from circumferential variations in the rim flow 
and persists even to relatively high net outward cooling flow passed the 
seals. 
Ward 0. Winer 	 Stothe P. Kezios, Director 
Principal Investigator 	 School of Mechanical Engineering 
October, 1976 
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I. INTRODUCTION  
The objective of the efforts reported here was to develop a 
facility to simulate wheelspace cooling characteristics of General 
Electric medium and large gas turbines, and to obtain preliminary data 
with the facility. The wheelspace cooling development program of 
which this work is a part is summarized in a General Electric Memorandum 
by R. F. Hoeft dated October 1, 1974. The historical perspective of 
the program is presented in that memorandum and the references listed 
in it. 
The objectives of the wheelspace cooling program are: 
1. To provide a working curve for establishing cooling 
flow requirements on actual designs. 
2. To evaluate different seal and wheelspace configurations 
that have not been previously evaluated. 
3. To continue efforts towards understanding the fluid 
dynamics of this system to allow predicting the effect 
of parameters not anticipated in this program. 
The work reported here is the first phase of a continuing effort to 
meet the above objectives. 
The facility developed consists of a 40 inch diameter wheel without 
buckets in a casing which has stationary blades to simulate nozzle flow 
and the turning of flow over the wheel rim. Heated mainflow is provided 
which simulates actual turbine mainflow velocity in both magnitude and 
direction. Cooling flow to both forward and aft wheelspaces can be 
varied. Both forward and aft stator-wheel spacing can be varied. Wheel 
speed can be varied continuously up to 3000 RPM. Several interchangeable 
wheel and stator seal pieces are available. 
The instrumentation consists of flow measurements of forward 
and aft cooling flows, and main flow as well as 54 thermocouples and 
44 static pressure taps. 
The preliminary test program reported consisted of a series of 
experiments on a single seal configuration with varying wheel speed and 
cooling flows. The preimary result was the observation that circum-
ferential variations in the mainflow cause circumferential variations 
in seal flow which could not be adequately determined with the original 
pressure and temperature sensors. Increased instrumentation density 
circumferentially in the facility verified this observation. The 
source of the circumferential variation in the mainflow is the mainflow 
inlet port distribution on the apparatus. 
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II. THE EXPERIMENTAL FACILITY  
The test apparatus consisting of the rotor, the housing, and 
seals were supplied by General Electric. Instrumentation, drive train 
and plumbing were supplied by Georgia Tech. 
A. Wheelspace Apparatus: 
The wheelspace apparatus is shown in five photographs in 
Appendix B and the five mechanical drawings for it are reproduced as 
foldouts in Appendix C. 
A 40 inch diameter, balanced rotor with fore and aft rotating 
seals was mounted on permanently lubricated rolling element bearings 
in the walls of the housing. No rotating buckets were attached to the 
wheel. Simulated crossflow was provided through fifteen discrete opening 
to an annular flow space surrounding the rotor. Stationary buckets at 
the axial position of the wheel, and nozzles upstream of the wheel pro-
vided for a flow direction at the rim openings comparable to operating 
turbine wheels. A plenum was included upstream of the nozzles to smooth 
the stagnation pressure distribution arising from the crossflow entrances 
Crossflow was exhausted directly to the atmosphere from ten openings in 
the housing. Nozzles and buckets were mounted in a half-ring which may 
be removed for inspection of rim and seal spacings. 
Axial rotor-to-rim spacing was adjustable through jack bolts in 
the housing wall and was independent of inner wall to rotor spacing 
(also adjusted with jack bolts). Stationary seals were mounted to the 
fore and aft inner walls to interact with the rotating seals with a 
clearance regulated by shims and set screws. Seal overlap was changed 
by employing stationary seals of varying width. 
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Cooling through-flow was introduced to the wheelspace through 
three openings in each the fore and at sides. No adjustment of the 
wheelspace wall to rotor spacing was provided. 
The rotor shaft was attached through a Lovejoy flexible coupling 
to a drive shaft running beneath a propane fueled Chrysler industrial 
engine fitted with an electronic speed limiter. The engine and drive-
shaft were connected by a belt and a hand operated dry clutch. The 
drive shaft was supported by two pillow blocks. The belt drive also 
acted as a torque limiting device. Rotor speed was measured by a 
mechanical tachometer held against the rotor shaft or from calculation 
using belt reduction ratio and engine RPM measured by an electronic 
tachometer on the engine ignition. 
Crossflow was supplied by a Worthington two-stage piston air 
compressor at four pounds per sec. The air passed through a combustion 
chamber before entering the distribution hoses to the rotor housing. 
An air-propane mixture was electrically ignited in the combustion 
chamber to provide an exit temperature of 250F. Combustion was controllec 
pneumatically by a Taylor Instruments Temperature Controller. A flame-
out sensor and low air/propane pressure switches were provided for safety. 
Air flow rate to the burner was measured with an orifice plate 
flowmeter upstream of the runner and air flow control valve which was 
opened full for all tests. Pressure was measured at the same location. 
Fifteen reinforced rubber hoses provided distribution of cross flow to 
the housing. 
Cooling through-flow was provided at up to 1.3 pounds per sec 
from a 10 hp electric centrifugal blower through three ducts on the fore 
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and aft sides of the housing. The rate of cooling air flow was 
measured with orifice plate flowmeters in each of the two pipes 
leading to the ducts. In this way fore and aft flows were measured 
separately. Total cooling air flow was regulated by restricting the 
inlet of the blower. A thermocouple in one inlet pipe was used to indicat 
cooling inlet temperature. 
B. Instrumentation: 
Housing instrumentation consisted of 44 static pressure taps 
and 54 copper-constantan thermocouples concentrated at three circum-
ferential positions. The instrumentation was distributed radially 
in three positions along the wheelspace wall and radial seal area, 
and axially along the crossflow space. In addition three radial 
positions were included for wheelspace thermocouples both fore and aft. 
The instrumentation sensor locations are shown in Figure 1 and 2. 
The static pressures were read on a common-well manometer with 
reference to atmospheric pressure. The temperatures were obtained 
by connecting the thermocouples to a Leeds and Northrup multipoint 
recorder. Table I indicates the relationship between recorder 
position and thermocouple location. 
Twelve of the pressure taps were only installed for the last 
two tests - M and N. These were placed in pairs circumferentially on the 
outer cross flow surface to detect circumferential variations in the cross 
flow. 




LOCATION Bank T/C LOCATION 
1 2 E73 4 1 Cli 
2 D71 2 C31 
4 COl 3 B61 
5 C74 5 B63 
6 C71 6 B64 
7 C84 7 B51 
8 C81 8 B53 
9 E81 9 B41 
10 E83 10 B43 
11 D81 11 B44 
12 F71 12 B31 
2 1 F73 5 1 B33 
3 A71 2 B21 
4 B71 3 B23 
5 B74 4 B24 
6 F81 6 Bll 
7 B81 7 A01 
8 F83 8 DO1 
9 B84 9 B03 
10 A81 10 CO3 
11 E71 11 B01 
12 C44 12 
3 1 C64 6 1 B04 
2 C63 2 C04 
4 C61 3 
5 C53 4 
6 C51 5 
7 C43 6 
8 C41 7 
9 C33 8 
10 C24 9 
11 C23 10 AMBIENT 
12 C21 11 CROSS INLET 
12 COOLING INLET 1/16/76 
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III. TEST PROCEDURE  
Only steady state data were of interest in this study. The 
procedure was to start the compressor and burner for the cross flow, 
the blower for the cooling flow and engine for wheel rotation. When 
hot cross flow was employed the thermal transient of the system was 
the controlling factor to determine when steady state was reached. 
The temperatures as read on the multipoint recorder were used to 
determine steady state. When cold cross flow was used the wheel 
speed and pressures as indicated by the heights in the manometers were 
used to determine steady state. In this case steady state was reached 
in one to three minutes. Once steady state was reached the manometer 
readings and flowrates were recorded, and the temperatures automatically 
recorded. 
In the set of tests reported the crossflow (4.0 lbm/s) and 
seal geometry were held constant. The seal geometry used is shown in 
Figure 3. The parameters varied were wheel speed, cross flow 
temperature, cooling flow rate and cooling flow entrance ports. 
Table II lists a summary of test conditions and readings taken. In 
all cases except test N the cooling flow fore and aft were measured - 
in run N there was no forced cooling flow but the parts were not blocked. 
In the cold cross flow tests temperatures were not recorded. 
10 
Figure 3. Baseline Configurations (Inches). 
Table II. Summary of Tests Reported 
Run 









B 250 2500 x x Varied fore and aft cooling flowrate 
C 250 1000 x Varied fore and aft cooling flowrate 
D 250 2000 x Varied fore and aft cooling flowrate 
E 250 0 x x Varied fore and aft cooling flowrate 
F 250 3000 x Varied fore and aft cooling flowrate 
G 250 3000 x x Varied fore and aft cooling flowrate 
H 100 3000 x Varied fore and aft cooling flowrate 
I 100 2000 x Varied fore and aft cooling flowrate 
J 100 1000 x Varied fore and aft cooling flowrate 
K 100 3000 x Partially blocked cooling flow inlets 
L 250 3000 x x Partially blocked cooling flow inlets 
M
2 




100 2000 x Varied fore and aft cooling flowrates 
N3 100 0 x No forced cooling flow 
1in addition to flowrates. 
2 . 
sixteen circumferential pressure taps added. 
IV. TEST RESULTS AND DISCUSSION OF RESULTS 
The data from all tests listed in Table III are given in 
Appendix A. The experiments were preliminary in nature and fall 
into two broad categories - baseline confirmation of system per- 
formance and search for sources of asymmetry in the system. Tests B-G 
were run with hot cross flow while varying the cooling flow and wheel 
speed. It became apparent from these runs that the pressure measurements 
were possibly the more sensitive and faster measure than hot gas inflow. 
The temperature measurements were influenced by conduction through 
the structure which resulted in long starting transients. Several 
unheated tests (H-J) were then performed in which temperatures were 
not recorded. These experiments permitted faster exploration for 
the origins of seal flow variations. 
It became apparent from the above experiments that the hot gas 
inflow to the wheelspace was asymmetrically distributed and that the 
instrumentation was inadequate for measuring it in any detail. On the 
belief that the circumferential variations were the result of variations 
in the mainflow, twelve additional circumferentially placed pressure 
tape were installed in the mainflow outer surface. Experiments M and N 
were then conducted which confirm that the circumferential variations of 
pressure exist in the mainflow and that additional temperature and 
pressure sensors are necessary before further experiments are conducted. 
In two experiments (K,L) the wheelspace cooling flow inlets 
were varied to determine if they were the source of the asymmetry in 
the seal flow. There are three inlets to each wheelspace and one or two 




RUN 	FWD 	AFT 	COMMENTS 
B-1 INLET CLOSED 
B-2 	.21 	.16 
B-3 .25 .30 
B-4 	.27 	.38 
B-5 .25 .31 
B-6 	.225 	.225 
B-7 .16 .113 
B-8 	 INLET CLOSED 
C-1 .28 	-.16 	INLET CLOSED 
C-2 	.356 0.0 
C-3 .41 	.178 
C-4 	.46 .276 	FULL INLET 
C-5 .46 	.276 1500 RPM 
C-6 	.406 .178 	1500 RPM 
C-7 .406 	.178 COASTING 
C-8 	0 .225 	FWD PLUGGED 
C-9 0 	.321 FWD PLUGGED 
C-10 	0 .414 	FWD PLUGGED 
C-11 0 	.474 FWD PLUGGED 
C-12 	0 0.0 
C-13 0 	.149 
C-14 	0 .105 
D-1 .47 	.29 
D-2 	.425 .21 
D-3 .386 	.14 
D-4 	.34 0 
D-5 .26 	-.16 
D-6 	0 .36 	FWD OFF 
D-7 0 	.46 FWD OFF 
E-1 	.47 .28 
E-2 .42 	.20 
E-3 	.39 .10 
E-4 .37 	.06 
E-5 	.36 0 
E-6 0 	.40 	FWD OFF 
E-11 	.65 .53 
E-12 .52 	.37 
E-13 	.47 .28 
E-14 .41 	.18 
E-15 	.39 .10 
Cooling Flowrates - lbm/sec 
- 4 lbm/sec for all tests) 
RUN 	FWD 	AFT 	COMMENTS 
F-1 .38 FWD PLUGGED 
F-2 	.45 	.28 
F-3 .40 .20 
F-4 	.36 	.10 
F-5 .32 0.0 
G-1 	.618 	.512 
G-2 .558 .443 
G-3 	.520 	.381 
G-4 .464 .321 
G-5 	.381 	.153 
G-6 .335 .554 
G-7 	.273 	.362 
H-1 .09 0 	ONE FWD INLET 
H-2 	.205 	.205 ONE FWD INLET 
H-3 .275 .348 	ONE FWD INLET 
H-4 	.320 	.52 ONE FWD INLET 
H-5 .35 .61 	ONE FWD INLET 
H-6 	.665 	.57 
J-1 .306 	-.079 
J-2 	.488 .316 
J-3 .699 	.587 
J-4 	.411 .158 
J-5 .775 	.671 
K-1 	.52 .40 	ALL INLETS #1,3& 
K-2 .69 	.60 
K-3 	.40 .22 
K-4 .55 	.48 	INLETS #1&3 FWD & 
K-5 	.46 .40 INLETS #1&3 FWD & 
K-6 .31 	.22 	INLETS #1&3 FWD & 
K-7 	.31 .22 INLETS #3 FWD, 1 A 
L-1 .42 	.26 	INLET #3 FWD, 1 AF 
L-2 	.40 .26 INLET #1&3 FWD & A 
L-3 .53 	.43 	INLET #1&3 FWD & A 
L-4 	.57 .43 ALL INLETS 
L-5 .46 	.26 	ALL INLETS 
M-1 	,10 -.24 	NO FORCED COOLING 
M-2 .69 	.59 MAX COOLING 
M -1 	.10 -.21 	NO FORCED COOLING 
M1-2 .68 	-.60 MAX COOLING 
Flow 
2 
N 	 NO FORCED COOLING 
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were inconclusive. 
From experiments 13-F the general trend of behavior can be seen. 
Figure 4 shows the effect of wheelspeed and cooling air flow on the air 
temperature in the aft cooling space just inside the seals. It appears 
from this figure that the wheel speed does not have a very influential 
role. 
Figure 5 shows the effect of cooling air flowrate on both 
the fore and aft air temperatures in the wheel space at 3000 RPM. In 
retrospect it is thought that the system had not yet reached thermal 
equilibrium when these data were taken. However, the expected trend 
of wheelspace temperature decrease with increasing cooling flow is 
clear. 
Upon examination of the data from the above experiments it became 
apparent that for net cooling flowrates of up to 0.2 lb Is there was still 
some locations around the seal where there was hot gas flow into the 
wheelspace. This can be seen by studying the pressure differential 
across the seal at the two locations instrumented as a function of 
net cooling flow in the wheelspace. This is shown in Figure 5 for 
run H. Figure 6 shows that up to a net cooling flow of 0.2 lb/s there 
is still flow from the rim into the wheelspace at circumferential 
location 3. 
As a result of the above observation attention was directed 
toward determining the source of the circumferential variation in seal 
flow (or seal pressure drop). Several possible sources were 
considered - all related to the geometry of the apparatus. Experiments 
K and L were to determine the effect of cooling air inlet ports. The 
o C6,5,4,3 average 
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results were negative. Next circumferential variation in seal geometry 
was considered but ruled out because it was thought that it would 
cause the seal pressure drops to vary with wheelspeed which appeared 
not to be the case. (However, the effect of seal geometry was not 
thoroughly tested and its role can not be totally excluded.) The 
circumferential variation of the rim flow was considered next. This 
was a likely source of the flow variations because of the discrete 
inlets and outlets for the rim flow. 
To assess the circumferential variation of the rim flow a series 
of sixteen static pressure taps were added in pairs adjacent to the 
original tape (#3) in the outer casing. Half the taps were located 
over the forward seal and half over the aft seal. They are located 
relative to the blades and the rim flow inlets and outlets as shown 
in Figure 7. Later four more pairs were added to the right of #3. 
Figure 7 also shows the magnitude of the static pressure at each 
tap by the length of an arrow. These data are for no rotation of the 
wheel and no forced wheelspace cooling air. The datum, and the fore 
and aft wheelspace pressures, are also shown on the left hand side of 
the figure. The circumferential variation of the rim flow pressure is 
clearly seen to be dependent on blade location and rim inlet flow port. 
In the case shown, on the forward side there are locations where the flow 
is into the wheelspace and other locations where the flow is out of the 
wheelspace. On the aft side for, the conditions shown the seal pressure 
drop varies but the flow is always into the wheelspace. 
Figure 8 shows the same type of data as discussed above but for 
two wheel speeds (0 and 2000 RPM) and for two wheelspace cooling flows 
W.S. PRESS 
W.S. PRESS! 	 N` it! 	 Bc 
0 DATUM • 
0 DATUM 
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(no forced cooling and maximum forced cooling). Again the average 
wheelspace pressure is shown on the left hand side for each case. 
In each case comparison of the local rim flow static pressure and the 
wheelspace pressure will indicate whether the flow is into the 
wheelspace or out of the wheelspace. Even at 2000 RPM and maximum coolin 
flow there exists both in and outward flow on the aft seal and on the 
forward seal while most flow is outward, at least one location appears 
to have approximately zero flow. 
The above data show that the non-uniformity introduced in the 
rim flow by the inlet ports and the stator blades causes the circum- 
ferential variation of the seal pressure drop and flow. The possibility 
of hot gas inflow persists at high wheel speed even with substantial 
cooling air flow in the wheelspace. 
V. CONCLUSIONS  
The major conclusions of this phase of the wheelspace program are: 
1. A test facility has been constructed and shown to operate 
which simulates all the salient features of an actual 
turbine wheel sealing system which include: hot rim flow, 
turning of rim flow, variable wheel speed, variable cooling 
flow. The facility is adequately instrumented to measure 
average flowrates, and local pressures and temperatures. 
The system seal geometry can be varied. 
2. The system global behavior is as expected in an actual product 
turbine. The system detailed behavior - the circumferential 
variation of seal pressure drop - is assumed to simulate 
production machine behavior. 
3. Preliminary baseline system behavior with respect to 
wheelspace temperature and pressure have been obtained and 
presented for different wheelspeeds and cooling flows. 
4. Circumferential variation in main flow pressures is the 
dominate cause of hot gas flow into the wheelspace 
even at relatively high cooling flow rates. The circum-
ferential variation in the main flow is the result of discret( 
inlet geometry and stator blading. 
5. In the next phase of this program it will be necessary to 
record more circumferentially detailed pressure and temperatul 
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1•1 0 7 3 	la IA 3.1 
01/0 	037 
/21 1357 	137 63 no 
169 go 303. 41 010 
ILO /SO 	40 	747 	1 21 
071131 	ISO 	153 	199 
151 ISO 	153. IL) 	110 
d 	119 RA. 00. u 305 
I66 154 	139 /31 or 
Pry 	Fcl 	164 	/72 	110 
MC 171 	113 	177 
;11 irrl '731 
117 190 /11 	01, 	a44 
097 1119 	111 	Ile 	286 
/65 1 06 	164 	1 18 	Al  ,s5 056 	0.5 	/5.2 	Ill 
los 	003 010 
145 	KS 	165 6.7 	11 5 
,65 43 	64 101 070 
055 xi 	/75 177 170 
174 130 	Re 	175 175 
130 130 	fro 101 	116 
041 	lot 	00 072 
170 100 	60 173 	117 
083 085 	181 126 	381 
ill 	ler iv 	314 	370 
1 72 11 1 	/11. 113 111 
007 /81 103 	42 391 
236 204 513 324 va 
114 219 114  2,/ 21 0 
237 101 3.1 301 1,1 
211 203 271 310 1/3 
2.1/3 zep 115.164145 
110 53/ 012 2112 820 
02,7 110 336 111 125 
I 	3 	1, 	6 	7 	7,:3.1 2 
Ivo 	090 	1/1 	139 	157 	102 	i.91 	iv1 	101 	135 	3'3 	/79 	130 	61 
17. 133 	1,5 139 138 132 1,5 127 133 	133 333 03) 117 66 
308 1, 	273 1.21,0 	ara 320 303 2.05 107. a,1 111 111 
137 217 .1 60 	115 035 051 97 1 77 033 132 185 11-3 10, 
216 277 169' IX 150 138 137 	OR 138 	135 	030 016 01-. 1183 
170 	IS 101 01 	134 138 	131 	134 135 235 	139 113 116 192. 
141 	IQ Pa 1510 136 133 131 110 135 	133 	133 170 135 112 
057 037 173 131154 134 136 635 333 ,33 331 iv 193 01 
159 12 1 171 	137 133 138 	011 .13 13+ as 133 my 143 112. 
114 ICS Ill 056 030 /X 137 /35.131 035 92 le 045 146 
0 	061 133 134 136117 	1331 114 MI 117 10/ 	399 	391 37 
na 	/5/ 	031 036 337 158 133 	113 311 1 111 103 	191 198 	197 
111 	117 	al 	171 1.12133 	13 1 	131 	311 17 7 	199 	103 	191 	155 
fir 	07 315 /30 139 135 95 /79 	3)1117 Mt 111 194 	115 
113 	111 	111130 	032135 136 173 	175 118 	150 135 	355 	At 
/a 	/71 	116 /50 	130 	131 	93 	157 	95 	178 	171 	03 	/75 173 
031 /11 	133 	130 	13116 /3+ 	91 	try- 	185 	1 el 	133. /86 	115 
010 Ill 	123 /30 	133135 IX 111 WI 	131 	152 	176 111 	/75 
14-10r) 	321 156 031135 95 	1711 1801- 011 	016 310 	115 	113 
//e ...3 In 130 132135136 151 Ir. 2135- 170 101 	1 1 0 1/11- 
;..i1 	pi84. pj, 0,17, :1,4,72.311- 00 304  2.1 gt gf .0 ;1 
157 103 /71 152 158 65 64 60 137 1514 15, 215 43, 019- 
333 241 100 035 339 /53 HA 155 725 050 /06 103 479 130 
359 313 2 86 /36 99150 055 91 051 	111 134 1!5 171114 
112 301 no 161 	156166 064 No 157 030 11G 217 1110 613 
201 309 172 156.252 001137 150 130 116 	163 35e 183 tda. 
114 305 	335 	00.5 155 90 171 I9 &.1 	/.59- 250 3.11 	17170. "' I 
PI 	260 /VP 1135 150 	160 /65 	160 	/53 	153 1,10 	21 9- /37 Isl. 
Zit 215 /c.o 111 /19 O Mmn 	M 4/0a7UU 1r 
177 ;JO 	112 	19 	/11I/3 331 	11 13 	/10 	G-1 	336 
	
1,35 	Nf ,?ii 
au IL, 191 	111 117 	014 /95 	110 /14 /00 	703 WS 131+ 
61 310 	171 070 6.7 167 170 1191 	169 151 130 1(5 	My 0354 
1 10 131 535 	191 133 /77 195 010 21 . 535 U. 137 130 007 
/10 10 Hz 	179 91 35 199 210 	216 3350 310 113 230 217 
03.3 031 094- 93 030 at 347 2.10 2a0 ..".0 212 10; 24 
00 	233131 	141 135 0/9 136,1.12 	113 170 1-.0 111 110 730 
262. 546 150 no 012 kg 153 3,3 	330 311 730 101 311 220 
I35 in 013 	095 Kg /33 /31233 	017 222 130 100 325 730 
011 755 167 	ISO 159 157 150.1177 	177. :35115 130 1.7.1- 1II 
191 I4) 051 032 139 &I 17s 211 	335 161.113 230 173 73. 
133 171  /07 	191 /15 155 13101 	572 371373 230 333 /73 
150 137 121 	152 144 la 060 321 	3116 115 315 271113 325 
,3 	334 I11 033 Iv 53 163 513 	119 773 10 171 295 
/60 310 	/16 	110 	111 	II 	151 328 	310 3.11 X:. 034 	777 .621 1 
/54 / 43 /03  3 06 	107 / 73 075 114 	116 31r1 123 3)8 118 121 
755 	155 128 165 	161 155 155 371 	17.4 2.71 Gai, 115 	31 7 111 
213 al 319 125 239 AS '240 221 220 ;10 01 7 1 6 	111 15 
111 77/ 214 330 335 71 3  115 223 	zap 137 107 11.5 	V/ 226 
7203 212 037 3)3 230 	211 253 233 317 214 111 01 240 
12.03.10 711 204.12 .311. 110 102 257 me 09.0 ;Tr 310 1.9 
630 26 .656 727 131 a31.13/ 20 323 321 7.11 3 0 5 211 133 
203 Zs 334 221115 24 au 222 111113 236176 21,14 
3.13 121 31 	216 1e7 7.07 	107 263 my •13 761 2.3 	16 
345 1131.* 595 .210 2.9c 533 33) 13641845 231139 
























































145 ; 63 	111 ;SG 	145 
11.0 131 	1 17 II? 	187 
26,9 ;./0 3.10 232 100 '93 
1 70 1r /71 109 170 
60 149 135 0316 Pro 
DO 131 IDS 113 190 
110 131 41 130 060 136 
to 1301 IS7 153 /70136  
139la 6)120 136 
90 sr ri4 	21.0. 136 0 	
110. 
37 133 110 OR lev 
33 	031 	136 	190 347 
31 	/31 	130 	14-0 312 
34 135 	136 	111 os 
31 133 	132 	055 /56 
31 1 31 /35 / , 0 	125 
17 130 135 90 la 
39 135 136 100 001 
35 	13.3 	136 /00 ,33. 
93 170 	1 /3 	157 150 
3 117 	251 307 143. 
60 110 	093 303 163 
63 00 112 110 106 
53 03• 197 25. 160 
63 115 200 530 158  
22110 lit 201 134 
233 /30,3 73  1, 80 ; 2A013 ,a
16 10,3 231 11/ 
263 13; 	/11 	P.'? 
.1,0 32/5 
796 751/ 	1'5, 8 1.720)J 	r151. 
070 	174 2053 7.e3 07/ 
030 153 is, 10/ 
1S7 66 IQ 053 
133 	157 140 200 
130 	155 657 243 
az 	/57 /81 163 335 
031 	158 106 705 
141 11 1 	155 117 
053 /37 6.1 6.5 200 
041 /39 /60 6,1 J06 
157 151 1 63 075 311 
141 137 059 176 217 
/7/ 	176 	175 	137 13.1 
/65 /57 113 725 
161 	/64 	161 	173 	3.15 
21 0 221 	277 222 520 
337 	281 
323 1:120.5 003 721 
3.17 016 .4' 1 , 5 1.77 
727 130 230 311 230 
Li 170 205 713 224 
11. 3/4 203 
519 3110 133 191. 233 














































Z 	Z 	S. 	4, 	.1 	4, 	d 	4 	4 
136 	/33 	135 	112 	/40 	/31 	133 13 1 	/3.5 / 37 	3,9 
12 5 	/ 3 3 135 	135 15 0 	131 	130. 131 133 	137 	163 
1. 2 1111 	111 165 325 101 213 111 101 211 213 
137 	1 21, 	0.5 u; 134 110 /33 3305 /31  /11 
136 643 133 01 	mu 136 030 132. KS 03.1 165 
150 132 151. 300 253 13+ 130 	151 135 131 144 
13.3 0.1 031 	038 	134 	170 131 	/35 033  19.3 
111 	117 	131 	253 137 132 130 131 	/35 139 115 
116 1111 ,11 	086 131 139 	130 a 133 136 OS 
1.7.8 $11 	111 	0.35. Ii) 	no 	130 00 	033 139 070 
130 151 1 3 1 	II) 19; 030 134 13? 	03? 171 
121 	132 /31 1313 	170 195 	130 170 	130 /21 no 
0 4 010  0305 	IS 	031 	96 037 131 	035 /58 140 
121 	130 	130 	01 	170 	/XV. 110 	151 	/35 	137 /90 
121 	121 	130 	133 	337 	196 /30 	/32 133 	155 /40 
110 	175105 	330 	131 	131 	150 	/51 	016 	/36 13? 
/14 	121 	115 	/35 	116 	141 130 037. /3) 	/30110 
120 	at 130 /37 	131 130 131 135 	Ma /10 
116 	/23 	130 CIS 	157 	0 1 	170 331. 115 	130 040 
Ill 130 130 	133 130 1915 130 132 135 Ire /93 
131 	133 I55 135 193 135 	110 033 	176 OS 
13 .2 Is? 190 /al 	ILO /70 /II 1 	If/ 09.5 
131 158 757 /70 139 653 IVO 115 353 ILO 170 
151 137137 Ill 0 19 152 1313 1,1 111 	738 179 
171 I ll /53 /53 173 056 13693 098 x.7 /57 
117 	131 /38 I/4 170 13 1 /00 176 350 121181 
131 	(31 Ill 10- 117 IS° 	03 04 113 	104 Ifig 
1443 001 70 8'83 3" 	055 	/ 92 	073 030 	at., 
(51 	160 160 	171 	/00 	0551- 	 1 ,n 	/5/ 	/.54 	/37. /74 
174 /dl M 	566 .03 	17/ 	,y/rwo3 	/73  006 
3311 118 68 	210 ;43 	/35 	163 173 	190 	Ill .757 
003 21204 102 007 	'30 1.11.91 391 	;1721 
3/1 	nd 108 	113 233 	161 	, 61.17.3 	if.: 	ilb 	03/ 
35 /87114 	313104 /23 60 	/70 	/43. 111 	2.5 
la /00 	0310 119 185 	/63 03 	151 110 702 
131 111 1,11 111 172 06.0 131 133 	143 	325 /41 
1 35 1 8 5 19 1 	/3 1 01 	170 130 135 	II! 	12 4 158 
135 	090 pH 	11-1 1/1 12 	157 131 	195 	31'2 	123 
031 131131194 040 003 	039.011 	/32 /93 191 
137 	142 114 153 65 116 	139131 /074 	133 16 
130 1400  111 /II 	/50 	06 	051 111 	051 	159 0.51 
161 199 /40 119 	ILI 	199 	073 132 123'6 061 	151 
138 	91 179 130 131 	111 	113 135 LSO 0.34 151 
038 1 167. 170 1,30 131 150 	093 138 mo 150. 07 
177 	/36156 654 107 353 130 	117 /53 161 	073 
167 	153 /55 	111 	180 3332 11 	17 	/50 1534 61 
155 	11 1 	111 113 	1135 	111 	/00 	134 
151 133 356 153 	315 240 I30 151 	/34 159 170 
oei 	514 133 	181 	130- 203 	351 	/54 	130 	/03 	/61 
13/ 	310 130 219 125 122 215125 aci 
.115 110 5/6 218 	31' 737 21/.311 132 213 515 
130 230135 115 117 116 110136 123 133 224 
5-11. 319 030 	z;-* ,126 115 06 Zir 321 
331 233237 235 13/ 316 333 231 110 /3 572 
225 17,5 .714 221 731 Ay 211 2x1121 223 123 
12e, 111 111 335.116 lit 1/5 3/2 217 115 
56 11* V 	V. 03 
..29 179157 373 34 1 	an 350 291 240154 
Ill 118 tar 11/ 	036 017 15/ 	131 112113 
 	; 	7 	; 	 3 
❑ 8 	Ito 	oc 187 	131 	141 	113 	II5 
130 135 50 45 III. 	131 111 	N. 125 
101 010 .10/ 315 121 6.9 	x59 763 
036 130. NO 141 1211 	131 	171 	011 	1 15 
136 (32 /13 137 ar 	,31 I41 	119 /9t 
135 08 180 157 /71 	In IFa. 	119 	175 
135 / 3I3 	110/0 
	.14 
0F, 	99 115 
136 	0781 Ile 11 2 175. 	I21 111 	111 	10 5 
1.2.6 	138 /40171 	261 	137 M. 	Ift irs 
130 	038 	171 	1 72 639 1 91 
095 	170 0+1331-7-  177 	0tt 	1+; 
ni 	32/ 	/21155 	JO 	110 	121. 	,71 	/307 
14 0 	112 	1371 /71 	165 	IGO 	151 	163 	/IS  
94 	131 	131 66 	10, 	070 	61 1 4 1 	/93 
I.% 	13 1 	137 172 	I% 	/62 	121 	113 	115 
675 	133 	/31/50 	194 	/60 112 	10-1 	173 
13/ 61' 341 	114 	11010-2 	111 	03 
33,5 	13) 	137 (91 161 	IY3 	195 
225 237 	In 09; 3 156 	IV /2201) 	115 
135 137 	139 112 117 	170 196 	160 	/ 2- S 
13$ 137 	in 11-1 	0)0 111.113 	irs 
/2.3 	116 113 253 	ISO At 11.3 
ISI 	131 KG 6 12 301 178 153 158 114 
193 137 	161 130 013 	167 131 IS. 	051 
2y6 	054 	0,4 011 351 	31.0 272 	202 	131 
130 	051 	66 111204 	1012 059 151 	lid 
196 	036 	/69 174 159 	tts M 15• 161 
151 	1 ". 	17C 	730 Ifl 	
° O; /51 	/59 	/., /1.3 :01 /1'4 	I ; 1 0 / 45 	
I.5 333 	165 	03 152 761 	16 
IL) 	111 	0)160 114 	)14. 314 	118 	111 
100 	234 	)38 3/6 72.9 	187 	/95 119 	33r 
/75 	478 3 )7 Z1 111 	111 131 in 53 
5548 123 	/581/1  gig 	/73 	Ity 	184  19.3 
037 01.3 An do 100 	0s0 0.4 1,1 
61 631 086 /53 	1-55 /11 015 	034 
/77 01 2 	/61 • 70153 	I.S3 60 110 	66 
773 101 	/60 161161 	)52 137 	tat 	157 
562 ,05 134 161065 	III 053 052 	91 
I/O /61 003 10+ 67 	1514 Ito ILO 	61 
0/.3167 %I /0 5 157 	1311 516 60 	160 
/75 166 	67 110 174 	160 /.65 	0100 155 
177 	110 	075 168 171 	137 	131. 	183 
047 001 170 163 61 	134 in 60 	137. 
742 10,1 	/67 	no 	075 	/57 165 	115 	102 
171 113 	/70 	175 	/82 	151 /73 	lit 	Ill 
101 	111 	133 	181110 	/73 3181. 	133 	116 
23/ 	IIS 	1)8 	111 /16 	/6S 	I/O 	/71 	/16 
/97 /70 	115 	OE 	181 	31; 127 	118 	170 
/37 273 183 2L 	17.5 719 715 511 
110 70 2 31 5 	15 121 	511 	1 1 5 1/1 111 
113 03 223 211 213 	va 031 3113 211 
1..r5 13 ,6 207 100 111 	351) 213 103 	223 
177 138 330 232 	 331 235 
123 225 114 129 520 	212 dal. 	333 
2.17. 	108 .u7 119.:23 521 
158 116 335110 1721 	531 111 131 7311 
I 7.3 030 123 /30 31/ 	131- 039 033 	035 
55544 
130 (95 117 n5 18 
irs1.1 155 71-5 
08 	2,0 011' .1.50 0,0 
130 	083 051 	015 11.5 
167 01-5 343 115 05 
/24 795 1.7 &3 255 
150 AO 171 IRS 145 
ISO /14 /61 06.5 112 
093 rrs It? irs /93 
1 11 13 7,t1 ".1.1 
158 	11+ 165 169 rtl 
151 	077 	305 	128 	065 
131 	196 ,v5 374 95 
13 1 	94 343 IV: 65 
113 	314- 143 	14 146 
653 	146 	1,5 	1439 	1 0 5 
131 	1/6 	7163 	044 146 
130 0/1. 115 IVS 
101 1 5'6 1`73 Mt' 0.3 
151. /o0 	i69- /15 
I5/ 	/33. 
ILO AL 160 156 tit 
150 	173 	132/ 1-61 /68 
037  123 1.33 is: lag 
165 ILE  330 038 047 
/5so, hi 5, u.:;8 V, 0  16 0 5 
367 360 333 	3,1 	161 
1 75 	ITO 175 175 
112 	183 	rE7 	18,5 	1E0. 
2.1 40S 	127 	/ 1' 1.23 
2ot 198 	/85 	181 181. 
250 	191 	176 ay 113 
351 /97 /d3193 
10 183 	186 1.000  160 
110 164 102 10 ILA 
/63112 	1L 9' 25 3 115. 104. 069 	585 01.5 
170 0023 	165 1331 /38 
1'1 	15 	12-5 /6 1 15 4 
09 oc no 115 36? 
070 	117 	115 	112 51-6 
011 	MY 116 60 637 
115 	1 1 1 	1.173 	11 170 
114 	/ft 	117 	171 	113. 
111 	137 	132. 	331184 
mil 	131 350 	0001 oe 
/84 /01 3 ) 5 171 114 
231 /2.5 211 •11 211 
513 201 212 26 120 
31  ze 2237 111 5.5/ 
213 211 127 121 21'3 
233 318 133239 212 
274 33.1 337. XI 511 
.110. 135 133 14 211 
37 91 1..:g 72, 
210 135 117235 237 
335 337 332 035 sat 
• Not Steady Itac. 
Table A2. Pressures (inches #3 Fluid - SP. GR. = 2.95). 
P 2 p 2, 2 2 2 2 6 U s t5 :3 ‘1 U p :I 	, 	 :,T ti ee e6 ee .1 :3 eC of 	s 
1. 0 5.6 6.3 5.3 31 5.1 46 got 7.16 us 73 1,5 5.1 7.75 9.6 5.55 col. cs 713 71 4.13 475 63 6.1 5,75 9.7 ,5 -1 455 55 3.0 6,5 75 37 2,9 5,1 43 905 17 so 8/3 3. 6  8.1 as 535 3.8 4.7.7 5.1 
1.0 - .1 115 I, 	1.3 .85 1- 3.45 3.05 14 1,1 1.o5 3.5 67_ -3.5 .20 .8 (.58 2,0 3.15 3.13 26 1.83 1.3 .75 ,10 435 1a 	9 1.6 1.9 ID .6 1.5 11 ,1 	.05 „5 35 115 7.2.3 1.3 	-7.c 33 
73 40 9.01 sl 7,7 7,13 155 10,9' 103 5113 1.5 133 1,13 815 5,05 535 63 6, 7.10 551 803 7.4 6.7 6.53 6.031%6 6,05 7.55 sa so) 4.4 8.14a. 5.5 5.0 1.11.1 5.66 LS 1.5 '1. 4 87 35 7.7 4.2 ea .3.1 
-e.o -38 -67 -.1.S -3:.65117 	-485 	-7.85 	0,0 0.0 -165 -33 - 333 -14 -1.1 - 1.01 -.53 -623 -2,25 -4.11 -39-35 -73 -1.15 125 -40 - 446-J -76 1.1,03 -.8 -A' 	- 1,.3 -LP -2_751,8 -99 - .1- - 9.2 . 15 
4.4- 4,3 gm )4410 4t,7 6.0 1.3 8:7 8,1 -/,5 4,,c„ g.i 4:7 3,15 5,05 .54 593 4.3.2 135 ‘,..08 6.0 .5.5 9,1 33 3.95 11 4-n 7.55 5.1174 1-.7 4.6 9.1 3.35 3,15 4.5 6,0 81 8.0 14 5.0 25 
7.0 9,1 3,6 711 131 6.6 4.1 1.6 135 8.6 835 704 8,36 7,1 9.12 9...9 5.91 64 433 738 737 43 64 535 31. 9.0 5,6 7.0 5.13 705 5.1 73.4 51 3.0 9-.5 5.8 3,63 31 9.3 13.3 8.0 1.15 3.75 136 
4„4 43 835 131 6,1 6,55 4,1 8,9 83e5 1.95 7.30 65  1,74 6.6 3.50. 4.55 .5,13 513.513 46,3 630 6.3 5.1 .53 12,3 33 5.3 0.3 4,1 6715 5.3 6.4 9,7 4.5 9. 2- 3.5 3.3 11 4.7 7Z 75 8.35 32  4.1 
6.1 9-,6 1o1 1.25 768 460 61 '68 9,15 83, 77 6/ 835 7.7, 4.0 983 3,1 6.53 lo 503 7.11 21 63 518 .5.11 59 53 7.3 515 71 444 7.1 5.7 5 1,8  3.9 3.7 5.2. 11 8.9' 8,76 176 31 78 
6 ,1 -  875 7.77 1,16 6.6 6.18 135 1.75 555 7,9 63 550 22 9.01 431 5.7 4.5 03 79 163 7.04 63 .5.18 518 39 51 1.15 5.15 1,1 635 74 5,2- 5:5 98 39 3,1 5.3. 1.1. 835 8.15 133 3. 1  7. 6  
61 1,3 7.0 720 118 4.6 4./2 145 1.1 8.3 2,85 433 8,7.5 1,1 365 180 5,65 693 GI 7,9 753 7.0 4,7.5 5,35 _3 1 38 .5,3 7.1 5,, 7.€  .5,75 7, 55 535 5.1 9.8 3.S 3.6 51 7,1 5,25 0.5 7.23 'Os 
6.1 9., 135 1/0 7,7. 54, 6.15 1.80 9.1 5.13 7,80 645 859 7,03 338 6,63 5,6 418 63 go 7,0 7,1 6.3 3.1 5,05 375 5,7 7.9 5.1 50 5.1 75 4.,1 5,9 435 3,7 .5,5 80 70 8,7., 3.35 7.1 17 7.9 
6.8 3.9 1.0 7.1 1.15 12,6 6,12 9.50 1.0 551 7,7 6.5 83 7.0 3 35 923 3,53 4.33 63 13 7.6 7.0 6.7 51 3.0 3.63 5.1 7,1-11 71 5.8 19 78 57 90 3,4 3,4 573 5.9 0 , 15 535 7.1 11 ?7 
2-8 1.0 5.8 1365 33 317 2.7 6.8 635 	4:0 3.7 9-55 3.1 675 133 233 305 3,53.5.s .33- 4,6 3,45 3,05 1.9• 1,35 3.1 4,5 2,4 .5,35 33 5,1 75 3,7 71 1,85 2,7 .1.4 3.3 4,15 11 37 .3 5.13 5 6,6 .1 
1.1 I,/ 57 9-.1 3.78 311 2.63 41 413 5,4 9.8 3,75 9,93 325 1.3/ /,88 1.4 538 3,43 5,3 49- 9,6 3,45 3,05 245 1.35 3•1 	74 5.31 3.35 5,1 755 144 19 1,1 2.75 14 1.3 9.75 9S 305 .3.1 3. 15 .4 S.6 .3 
3_8 l,0 5,5 037 133 21/ 3,50 63 5.1 5.3 4,5 353 430 310 ,45 652 2,15 151 34. _5,1 .5.3 9,35 3.55 7.55 7.35 1.3 20 4,7 3,35 5,06 3,1 419. 71 3 , 0 1368 	2.1 1-03 3.1 4.3 4734 15 .515.1 .3 3.5 .1 
7-.8 	SU 4%93 178 3.13 7,A2 7.3 0.3.533 5.0 375 1.3 445 1,05 1531,15 237 '43 _Sa 573 9.8 3,8 3.15 	1,35 3.1 9-53 2.4 s,67 3,55 1.6 135 3.7 15 67 2.5 Lif 35 %es 5,1 51' .1 5,9 .7 5.9 ,/ 
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PHOTOGRAPHS OF WHEELSPACE APPARATUS 
Figure Bl. Overview of Wheelspace Test Facility. 
Figure B2. Side View of Wheelspace Test Apparatus. 
Figure B3. Inside View of Aft Wheelspace with Wheel Removed. 
Figure B4. Rim Cover with Blades and Rim Flow Instrumentation. 




Figure Bl. Overview of Wheelspace Test Facility. 
Wheelspace Apparature right background 
viewed from aft side, left foreground 
is blower to supply cooling air, drive 
engine behind wheelspace apparatus. 
I 
28 
Figure B2. Side View of Wheelspace Test Apparatus. 
Rim flow enters on right and exits on 
left, forward wheelspace on right and 
aft on left, drive engine is on right. 
29 
Figure B3. Inside View of Aft Wheelspace with Wheel Removed. 
Three cooling flow inlets (bottom center, top left 
and middle right), wheelspace thermocouples mounted 
threaded rod projecting from surface. 
30 
Figure B4. Rim Cover with Blades and Rim Flow Instrumentation. 
Nozzle blades on left and wheel turning blades on 
right, rim flow from left to right, rim flow instru-




Figure B5. Seal Area Instrumentation. 
Radically distributed pressure 
taps and thermocouples in seal 
area typical of #3 circumferential 
position (forward or aft). 
APPENDIX C 
MECHANICAL DRAWINGS OF WHEELSPACE APPARATUS 
No. 10-5-523 	Wheelspace Test Rig 
No. 10-5-523-1 Wheelspace Test Rig 
No. 10-5-523-2 Wheelspace Test Rig 
No. 10-5-523-3 Wheelspace Test Rig 
No. 10-5-523-4 Wheelspace Test Rig 
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